CHAPTER 11

THEORY AND LITERATURE REVIEW

2.1 Superabsorbent polymers (SAPs)

The materials that their ‘” is greater than 15 times their own
weight in the aqueous ﬂuids!h:rwat 3 eﬁ;

olution, including synthetic

urine, brines, and biologic d'blood have so many called

absorbing capacity, but Muidii 0'rel se also, as they merely
in the structure [6]. They

are polymers which characteri 1ydrophilicity, insolubility in water [7], and

cross-linked polyelectrolyte. onic nature and interconnected
A )
structure, they absorb Iye quanﬁﬁe§"6f vfa : othe ous without dissolving

[8].

b
Many kinds of ;Ps have been commermallzed since the hydrolyzed starch-

polyacrylonitrile ﬁaucﬂ)v%nﬂ Ej ﬂp?lwm ﬂraj developed by the

Northern Regional‘LLaboratory of the Umted States Department of Agnculture in the
s 7 P TRV e o
biosorbent, bio-material, but also in agriculture and industrial applications, and for
many of them, dealing with leaking water is also a common theme. For example,
leaking water is often a problem in the construction industry. One new product is a
sealing composite that swells slightly in water. It is made by blending superabsorbent
powder into rubber with the aid of a surfactant-like substance [4]. Leaking water can

also degrade the performances of fiber optic communication cables and power



transmission cables [9]. Water blocking tapes, made by applying a superabsorbent
polymer and a polymeric binder onto non-woven fabric were wrapped around the

cable, beneath the plastic covering, and intercept water that gets through them [10].

In addition to their liquid-water absorption characteristic, superabsorbent can

absorb and release moisture from the air more effectively than silica gel. This property

//) densing on walls and ceilings in
2 &: vegetable and fruit storage

can be used to prevent damage d

humid buildings, help maintai
buildings, and prevent s water dripping from the
surface of the structure. superabsorbent sheets or
superabsorbent fiber. N serve water in agriculture

and horticulture and imp

limited field of disposable ab bj_ diaper and sanitary napkins,
# fandn
recent their applications are being extended inte others industrial are as [6]:
ks

1. Disposable absonbin

Sanitary napkinm
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Paper towel & non woven, sheets

2. Agriculture & horticulture:

- Soil conditioners for water retention

- Coatings for seed germination



- Hydro-mulching formulations

3. Industries:

Dehydrating agents for fuels

Blocking agents for undergro

Sludge dewatering

Sealing gaskets
4. Others:
- Swellable toys
- Fire fighting ﬂu1d§

- Wallpapers for humid

Ice pack - ' £
\Z A

Debris flow corl x ol [4

¥

”mﬁﬂﬁﬂﬂﬂﬂ§W81ﬂi

Gel actua ors [4]
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rices for controlled release



Generally, SAPs are classified into the four categories as [6]:

1. By raw materials

a) Starch grafts, carboxymethylated

b) Cellulose graft, carboxymethylated

d) Radiation crosslinking~ = ,L..r‘
e) Introduction ol

.II
|
W

3. By method of hydrophili liza zation

sroraly b L 1 TNEINT
RBHEGE TR 8

¢) Graft copolymerization of hydrophilic polymer on hydrophobic polymer

backbone

d) Hydrolysis of nitrile groups and ester groups



4. By Product Form

a) Powder

b) Film

c) Fiber

By the raw material ' S “are ¢ into starch and cellulose-based
polymers and synthetic polymes ' of SAPs are dependent upon

the methods of insolubilization™aad hyd: oduced into the SAPs and

¢ / . ;\\\\
Because SAPs bélong'tofa 10 p o &\\\ hich can be further classified

as [12]:

1. By hydrogels’ charge
y hydrog g fr£+ T

a) Neutral hydrogels . - = H-!r‘.'
b) Anionic h in" AY |

) il
c¢) Cationic hydroggl

d)m@mr:;mmwmm
szaemaﬁaamnizu UNIINYA Y

a) Homopolymer networks
b) Copolymer networks

¢) Multi-polymer networks
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d) Interpenetrating polymeric networks
3. By physical structural features of the system
a) Amorphous hydrogels
b) Semi-crystalline hydrogels

c) Hydrogen-bo@
rks st

d) Super-molec

In general, Wz

—

ylenically unsaturated
amides such as ‘.‘-’E. et BEde a5 well as their N-

substituted derivatives. ﬂdenically unsaturated carboxylmacids such as acrylic acid,
methacrylic acid,.,and r‘;@l .aci mr ‘ preferred. Suitable
poly(carboxylic :@ucgiescnﬁﬂc hyit aEJ::Iﬁ:ionic acid. Preferred
ethylenic , CQ hﬁx 'c‘ i rﬁ' yg thylacrylate,
hydroxyeﬁﬁ\jﬁte, ad em i(lﬁijic ﬂ‘ﬂ;l lzr acids with

poly(ethylene oxide). Vinyl amines such as vinyl pyridine and vinyl morpholine, and

diallyl amines are also useful.

The monomer mixture typically includes one or more cross-linking

monomers which comprises organic compound having two or more ethylenic groups
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copolymerizable with the water-soluble monomers of the monomer mixture. For
example, cross-linking monomers include diacrylate or dimethacrylate of ethylene
glycol, diethylene glycol, triethylene glycol, tetraethylene glycol, propylene glycol,
1,4-butane diol, 1,5-pentane diol, 1,6-hexane diol, neopentyl glycol, trimethylol

propane and pentaerythritol, triacylates or tetramethacrylate of pentaerythritol, N,N'—

ismethacrylamide, and triallyl
| ﬂlenebisacrylamide, trimethylol

)%@aethylene glycol diacrylate

methylenebisacrylamide, N,N’-

isocyanurate. Preferred cross-lini
propanetriacrylate and diet

[13].

As mentioned abo 1‘* n absorb water up to several
thousand times its own weightiand. r pressure. The absorbed water
can be released slowly when the ir to maintain the moisture of the
environment. Most S ‘. N pri: ic polymers [5]

applications in various areds.Eor example, they can be used in baby diapers, sanitary

B ‘
towels, athletic %‘nﬂﬂSMSﬂ ng’lmlz;l p’rlwatjx agent, used as ship
bottom paints to prevent the formationfof microcl)gidﬁsm adhesives“and food packing,

etc. In a@;ﬂr’e—]ﬁ ﬂrﬂuﬁm umg g mﬂlgl aoﬂl medium to
improve the water retaining property of sandy soil, in civil engineering as a friction
reducing material for placing pipe for sewage transport, in environmental protection,
as a sludge dehydrating treatment agent for solidifying waste and to absorb heavy

. + +
metal ions such as Cr’* and Co*".
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There are many methods to prepare SAP from various staring materials, such
as copolymerizing the hydrophilic monomer with a cross-linking agent, grafting
monomers with starch, cellulose, synthetic fiber, and polysaccharide, crosslinking
linear hydrophilic polymer with polyvalent metal ions or organic multifunctional

group materials etc. The product of SAP can be in the form of small particles, powder,

fiber, membrane, micro beads and evenliquid.; .
The SAPs can be d&wﬁh difﬁthods. From a morphological

".ﬁ' 'g.'—

point of view, they can b spherical, fiber, membrane

and emulsion types etc. d to respond the different
requirements of the ap roduct can be put in the
multilayer sheet to form icle and spherical product
can be used as deodorant as antistatic electric fiber, the

membrane product can be tifost he emulsion product can be

~~~~~~

used in soaking and painting.

superabsorbent polymer#There are many WA C, however, there is no

standard yet. Usually, thcl:l’\’ AC is measured using the vol@netric method, gravimetric
method, spectroscepi ‘ :EJr %’ mmﬁmetﬂc method is to
measure the voluﬁ nges of pol: rZ]ath ater) before after the absorption,
L . ¢ o .
the gravmatrwﬁalﬁ , weﬁ Dlijei qf E]lntla pectrometric
the

method is 4o measure the changes in -spectrum of the polymer and the

microwave method is to measure the microwave absorption by energy changes.

The water absorption capacity (WAC) of the SAPs depends upon its
composition and structure generated from the preparation method, as well as the

presence of electrolytes in the water. For example, the WAC of SAP can be thousand
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gram water per gram SAP when in contact with pure water, but when it is put into
water containing urine, blood and metal ions, the WAC will be reduced to only one

tenths of its maximum value.

Superabsorbent polymers are crosslinked network of flexible polymer chain.

The most efficient water absorbers are polymer networks that carry dissociated, ionic

functional groups. The factors th power to polymers are osmotic

een the polymer electrolyte

and water. The factor tha contrast, is found in the

e absorption mechanism

elasticity of the gel res
before and after swelling  of anexar ple of a superabsorptive
resin, in the case of a cros ylate groups is shown in

Figure 2.1

Before absorption, lon: s are interwoven, and polymers

make a three-dimensional structus - g between the chains to make a

1di'swell with dissolution of

Na', owing to the hydr 3 ." ,‘ [14].

J U
AULINENINYINS
RINNTUANINIAY

dense phase. These SAI
W



14

Hydrophitic
palymer
chains.

Cross-links
between chains
prevent 'infinita’

swedling.

The dissociated sodium
carboxylate groups Increasa
osmotic pressure in the ged.
Efectrical newtrality is
maintsined because sodium

Reputslan betw
¢=h) een tong are trapped In the pel.

negative charges
expands palymer colls.

Y
During absorption oV g \o* superabsorbent polymer
because the activity of water i al rior of the particle. As water
diffuses into the particle, the rtlclpﬁbl'i s and the polymer chains that
form the superabsorbent polymei""%;stwe'ri; : also move generally in a direction
opposite to that of th? ﬂater m;)'l:é'gl:'il“éfs’,lﬁ}ér date the volume of the

additional molecules Qf water. After 2 1gel in volume is observed

because polymer molecqas are much larg an water n@ecules, they diffuse much

et e UL ATLELTLRIEL AT Dy s n o
TR AN T M AR AINYA Y

T&refore, the absorbency is mainly dependent upon three factors [6]:

more slowly. Not only are ‘thespolymer moledules larger, but they are also connected
S
Y

a) the osmotic pressure

b) the molecular chain expansion resulting from electrical repulsion between

the electrolyte anions in the polymer chains
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c) the extent of cross-linkage affecting the degree of swelling of polymer.

The water absorbency (Q) can be expressed by the Flory’s equation [6] shown below.

Q™ = [(1/ 2V S*'™)? + (1/27%)/V 1) 0o/ Vo) 2.1

where, W/

d the absorbed water

.

vo/Vo = crosslinking/den A A
P

, \\\\\
: lynﬁ' Cpeati \\
C\

-
T

The impo uv— lymers depend on the
precise structure of the p@'mer = portances for use in personal care
applications are the equilibrium swelling capacity, the rate of swelling and the

modulus of the ﬂn‘u £ Thetd stookrlcs) of the produed bath are related to the

cross-link density of the network: modulus increasgs, and swellingcapacity decrease

wit merale st o V171 VIEN T E
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2.1.2 Applications of superabsorbent polymers

Superabsorbent polymers possess a number of attributes that make them very
attractive in many different applications. Superabsorbent polymers have supplanted

much of the traditional absorbents in infant diapers and have made significant

improvements in the performance of feminine hygiene products and adult incontinence

products as a result of superior water W#r perties. The basic property of water
absorption has suggested th sup&spt polymers in many other
b

applications, including paper gical
outside doorways and in 0 ,
0
“

eat trays, disposable mats for
1. y 3

litter, bandages and wound

dressings. The ability o er to the surroundings as

vapor has also been us as humidity-controlling

superabsorbent polymer to yield controlled release

e Y

to contribute a soft, yet cﬂfﬁl to a g;rloduct fike a hot or cold pack for sore muscles.

The soft, mbbewﬁ}}ltu lm Imrjtm]ﬂ’s]ﬂg ropertie; to products
at are in_c ct wi a a uef) 1 or ex e, ound wires
:rl)c: cablealﬁﬁ)] ﬁlé ﬁ % Eu ir%tﬂiﬁﬁ ﬁpﬁ w d
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2.2 Superabsorbent polymer composites

2.2.1 Intercalation mechanism

SAP composites (SAPC) is prepared by intercalating a monomer into the
interlayer space of sheet silicates. Typical silicates are montmorillonite, zeolite, talc,

Li-montmorillonite, vermiculite etc. The most applicable silicate is three-layer (2:1)

clay minerals. The basic structure uni f) of an aluminum oxide (octahedral)

layer between two silicon oxide. r uch as montmorillonite In the
-‘

interlayer space, there are exc ations-such as Na*, Ca®*, Mg®" etc, which

can exchange with inorgani gaNIc C2 surfactant and cationic dyes
[5].

Whether the in 1'the Ssociate ner expansion can proceed
or not mainly depends up ti ) ! fi ;_. enthalp (AG). If the AG <0, this process
can go spontaneously. For : al:pr ‘ AGE AH - TAS, AG <0, AH < TAS
is required. To meet the aboveCong 0 processes in three ways

TS NN S

The AH t%‘l‘m is mainly compesed of the s ngth of the interaction between
e monil P ERGEARFIGGl B4 m:a O b fZhon entalpy of
monomers 1n the interlayer of clay. The entropy change (AS) is related to the restricted
state of solvent, monomer and polymer molecules, and the entropy of polymerization

of the monomer in the layer.

According to the combination process, the intercalation can be divided into

two types. 1. monomer intercalation and in sifu polymerization: disperse the monomer,
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intercalate it into the silicate interlayer space, and execute the polymerization: 2.
polymer intercalation: mix the melted or dissolved polymer with the silicate by a
mechano-chemical or thermo-dynamic chemical function to finish the intercalation
process. As a practical method, this can be further divided into (i) solution method and
(ii) melting method. By combining with the above routes, four practical processes are

generated: 1. melting intercalation of solution intercalation of polymer, 3.

melting intercalation and subse the monomer, and 4. solution

intercalation and polymeri

There are three (

ture as shown in Figure

2.2. First, AM intercalatex ¢ O ic component is weakly
bound by Van der Waals 0ge - to drated interlayer cations
and the silicate layer, resp 1 .2 ndly, AM is bound to the

inorganic component surfac rogen b ids wi angeable surface cations in

¥ o g o e o=y
B

Finally, a free'polymer network inorganic component

particles (Figure 2.2, Cssites) onent plates to each other

fuse initially AM exists at all ‘three bonding sites in the

sample, on exp ruﬁﬁiﬂijﬁfwﬁﬁﬁegmerimﬁon occurs.
| 1

Therefore, the overall structure of composites be quite complex. It is our

@

R T

via polymer strands. B

material er performance in terms o er absorption capability and thermal
stability when comparing to the material that had only the intercalated polymer at A-

sites.
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A site: polymer i alatgd intothe'la anic component

B site: polymer attached h{,sli face of inorganic component particle

C site: free po

Figure 2.2 Schematic structure 0f su mer composites

Al

—

2.3 Mechanism for freeradical copols
L7

b .
The structure (')-']the polymerlc network is ultimately determined by the

method of synthﬂsﬁxﬁﬂ'ﬂx&ﬂcﬁtj W 61 ﬂlﬁ)n polymerization is

initiated by the aétion of free radlcals electrlcally neutral spec1es with an unshared
electron. QI Wﬂﬁgﬂﬁ EH ﬂﬂr%lﬂw gqﬁ t least three
basic reaction types occurring simultaneously during polymerization. These include:

initiation reactions that continuously generate radicals; propagation reactions that are
responsible for the growth of polymer chains by monomer addition to a radical center;
and termination reactions between two radical centers that give a net consumption of
radicals [16]. Free radicals for the initiation of addition polymerization are usually

generated by the thermal decomposition of organic peroxides or azo compounds. The
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initiator molecule, represented by /, undergoes a first-order decomposition with a rate

constant k, to give two free radicals, R:

The radical then adds a.menomer by £iabbing an electron from the electron-
rich double bond, forming a single bond wi éner, but leaving an unshared

where P;- repre g Po r chain with 1 repeating unit

i
In practice, not all the c@;*ﬁ ner; reaction 2.2 actually initiate chain

— -

growth as in reaction 2.3, Son p by side reactions.

The product oy I? S c radical; it proceeds to

4

Y
Y

rit

|

d

propagate the chain by adding another monomer unit:

AnLAngeingng .
AN IURRIINGNY

kp
P;+ M G P 2.6
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Growing chains can be terminated in one of two ways. Two growing chains
can bump together and stick, their unshared electrons combining to form a single bond

between them (combination):

P+ P,

P (x+y) 2:7

2.8

The relative propoutio f'% g e depends on the particular

polymer and the reaction 10st cases, one or the other

predominates.
2.3.1 Monomer concmtration m
‘a W \.
The con@yﬂo&:ﬂnﬂ mlgr:ﬂigljs:]umniffects the properties

of the resgﬁ A ﬁ ineti f‘; ﬂw&l ? mrﬁ{ the process.
High monoq:mr::aramnjmgreasing to ﬂss of the intermediate gel
polymer as the polymerization progresses. The toughness of the gel affects the design
of equipment, the size of gel particles produced during agitation of the reaction mass
and the method of heat removal. In addition, chain transfer to polymer increases with

monomer concentration, especially at a high extent of conversion, and this results in

increasing amounts of branching and self-crosslinking reactions that affect product
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properties. Chain-transfer agents are useful to combat these side-reactions [17].
Another factor influencing the choice of monomer concentration is that the efficient
use of the crosslinker increases with monomer concentration because the solubility of
crosslinkers typically not very water soluble often increases with monomer

concentration due to the increasing organic content of the monomer phase.

2.3.2 Initiators

Thermal initiators

of polymerization [18].

n graﬁmmgt &I TR QR Goctarice st

initiation is accom 1shed using a redex reaction of.an oxidant, sugh,as the oxidized
form of aaew f] @h\ax‘f] 51@4’@4 %hlq)’g/ %I;l%l’iq a‘nq%_}he metal ion
is reacted w1th the graft substrate before the monomer is added, grafting efficiency is
increased. In addition to initiating the polymerization reactions, initiators are a factor
in reducing the levels of unreacted monomer during the drying step [19]. It can
contribute to undesirable chain cleavage reactions to occur when the gel is handled at

higher temperatures. For example, a higher content of soluble polymer is found when
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sodium polyacrylate gels made by ammonium persulphate initiator are dried in a very

hot oven [20].

2.3.3 Crosslinkers

The mechanism for ‘ / c&olecular freedom is chemical
- e —
crosslinking which links t

to form a network. Occa uring ~ denote crosslinking. There
are a number of ways ¢

two categories [21]:

1) crosslinking during fefization By the use of polyfunctional monomer

instead of difunctional

2) crosslinking in

is formed.

The crosslinks may gontain the samestructural features as the main chains,

which is usually ﬂeuﬂ@ ?.Q %}mﬁ %ﬂaﬂ l‘fa]e‘in entirely different

structure, which is He unique characteristic of the latter. A number ofiextreme changes
accompan&ﬂlaﬁ.ﬁ‘ﬁﬁm sgbllaa Itas’lm%lmfl] a ]Elger dissolve
(except in t?le case of some ionically crosslinked polymers). In the presence of a
solvent, a crosslinked polymer swells as solvent molecules penetrate the network. The
degree of swelling depends on the affinity of solvent and polymer for one another, as
well as on the level of crosslinking. It may be recalled that a solvent-swollen

crosslinked polymer is called a gel. Covalently crosslinked polymer also loses their
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flow properties. They may still undergo deformation, but the deformation will be
reversible; that is, the polymer will exhibit elastic properties. Ionically crosslinked

polymers will flow at elevated temperatures, however.

With network polymers, it is common to speak of the crosslink density, that

is, the number of crosslinked monomer uni

ﬂper main chain. The higher the crosslink

/ ﬁh crosslink densities lead to
&al motion, it is frequently

—

density, the more rigid the
embrittlement because cro

employed to increase the

polymer chains such that the - olymer exhibits properties

[ ]
of a thermosetti t r'E] ﬁlweﬂﬂ%ﬂmﬁﬁmlline polymers fit
ieause of the very strong seco

into this category. ndary forces rising from close chain

bonding attraction betwee:

=

e QTR IR PR TR

resemble the@se of crosslinked amorphous polymers. Certain materials intermolecularly

associated through hydrogel bonds also behave like crosslinked polymers [21].
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2.3.3.3 Crosslink density

One of the most important structure parameters characterizing crosslinked
polymers is A_TIC, the average molecular weight between crosslinks, which is directly
related to the crosslink density. The magnitude of M, significantly affects the physical

and mechanical properties of crosslinked polymers and its determination has great

practical significance. Equilibrium swelling i54wdely used to determine AZ Early
research by Flory and Rel the 10 y he analysis of equilibrium

swelling. According to the theetV of Flory and Rehi ;, the M. for a perfect network

2.10

Where; Ly, p Y ]

is the number aﬂrage molecular welght of the pc@ymer between crosslinks,

z xsmeﬂwqfwmwmni
’ ﬁW"TﬁW‘I"iﬁU AN Y

dp s he volume fraction of polymer in the swollen gel, and

§I

xi12 is the Flory-Huggins interaction parameter between solvent and polymer.
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The swelling ratio, S, is equal to 1/¢ , Here, the crosslink density, g, is

defined as the mole fraction of crosslinked units,

e 2.9
M.

W

/ it. We defined q in Equation 2.9

Where M is the molecular wei
in order to simplify a direc ion of divinyl monomers in

copolymerization.

2.4.1 Solution polyng'iza i

The po@pilﬂ ABHVIWRIUDT v« cominin

agent in aqueous solutlon would seemfto be a straightforward process. The monomer
and crossﬁkm I}M n@m u wtqdlgx W‘ﬂ fllﬁ(%.l usually from
about 10- 70%, since polymerization of undiluted acrylic acid is extremely dangerous
due to the high heat of polymerization and rapid polymerization kinetics. The
monomer solution is deoxygenated by bubbling an inert gas through the solution, or by
a series of evacuations and repressurizations with an inert gas, the desired free radical

initiator is added and the temperature is bought to the appropriate point for
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polymerization to begin. However, the use of this technique in industrial practice is
complicated by a variety of factors, the solution to which is the subject of numerous

patents.

2.4.2 Graft polymerization

Water soluble polymers S

|
,!4/:() poly(vinyl alcohol) are grafted
the pro@ertain process benefits from

water soluble, graft substances

into superabsorbents in ord
increased viscosity of the mo

can serve this purpose [23. er” absorbents were made

"'-"."

a partially neutralized ﬂyhc acid ancf/ a Idi( iIC

sslinking agent, using Ce**

s dried and pulverized [25].

using an inversdﬂuspension polymerization

ﬁumwﬂmwmm
24391%‘“?@“@1‘?%’34%’1’]%5?\@ d

In this technique, the polyacrylate is formed in first step, as a soluble

Graft copolymers can aﬂ be prepare
[26].

polymer, which is then reacted in a second step with a suitable crosslinking agent.
These are any of a hung variety of compounds which can react with carboxylic groups
including amines, alcohols, epoxides and polyvalent metal ions. A benefit of this

technology is that the absorbent polymer can be formed in to a desired shape by
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mixing the soluble polymer and crosslinking agent and curing in place, for example
onto fibers on the surface of a sheet of tissue. Drawbacks to this technology are the
handing of the viscous solutions of polymer and they are through mixing with the

crosslinking agent and any catalysis required [27].

Suspension polyniesi 1§ : e mnonomer are suspended as
the discontinuous phas nuo e and polymerized. The
reactor product is slurr e monomer suitable for
suspension polymerizati radical mechanism. The
continuous phase is usua as mos is relatively insoluble in water.

The terms pearl polymerizati ¥ by d¢ 1zation describe the smooth,

ey X #

2.4.5 Inverse susp jm olymeriza
I

| 0

Inverse Si ‘ﬁ izati ,ﬁi 3ﬁattained commercial
importance, beginﬂ-ﬂxiﬂa c Iﬁﬁj]qu ous m of monomers dispersed in
hydrophoﬁ i lﬁ %&‘fﬁhﬁm aﬁc Mfa‘u ith acrylamide,
methacrylaqim@ acid, methacrylic amd,tlts OH‘: corresponding acids, and
quaternary ammonium monomers such as quaternized diethylaminoethyl methacylate
and vinylbenzyl trimethylammonium chloride and their mixtures. Generally 50-80%
monomer in a concentrated solution with water is dispersed along with water soluble

initiator such as persulphates, hydrogen peroxide, and redox activators. For external

phases, one may use aliphatic hydrocarbons or less frequently toluene, xylene or
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chlorinated phases one may use aliphatic hydrocarbons or less frequently toluene,
xylene or chlorinated hydrocarbons [28]. This system is different from suspension
polymerization in a phase of monomer solution, solubility of initiator in an organic

phase and aqueous phase.

2.5 Silicon dioxide (silica)

2.5.1 Types and methods

In order to obta: ne particle silica, chemical synthesis is

# -F J L

silica. The product is filtered, '«3 . Several precipitated silica grades
',l" ‘I"’ b ﬂ"

having an average partlﬁ size onQ to 100

The pyrogenic sikica ‘ complex method. Silicon

tetrachloride, prepared from sand chlorine and carbon, is reacted at high temperature

in a hydrogen aﬂ ﬁ% {%nﬂ Hemdwg'ﬁ]rﬂ»ei fine particle size

anhydrous silica. THe average particle size in several grades ranges from 7 to 50 nm
d ¢

(0007to@5wq a\ﬂﬂﬁm jJW]"J Vl Elfla E]

The hydrogels and aerogels are also precipitated silicas, but are finished in a
different manner. The aerogels are dried above the critical temperature, under
pressure, to prevent collapse of the gel-like structure. They remain particulate in

structure.
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The silica gels are manufactured similarly, except the precipitated gel is
allowed to set-up, then washed, dried and ground. There are no ultimate particles, as
such, but only aggregates of gel. These aggregates are 4-20 um in size and are highly

porous.

2.5.2 Physical and chemical prope

1,

ca@rop@e synthetic silicas is given in

adsorption. This is attzi nol content on th ¢ surface. The precipitated
varieties, including the a : y hydroxylated surface,
leading to relatively high wl?ter adsorption compared to the naturally occurring silicas.

The pyrogenic mﬁ%ﬂoﬂg waﬂam WIﬁc{*ﬁc‘% roughly one-quarter

that of prempxtatecﬂhllca Some silicas are subsequently modified (b heat treatment or

o SRR TR AN N ﬂ d

All of the synthetic silicas can be modified with organofunctional silanes.
These can be used to increase the compatibility with the plastic system, often giving

improved adhesion, reduced water adsorption, and increased strength.
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Table 2.4 Typical properties of silica fillers [29].

Average Particle Sp. Surface Oil Absorption, “Free”
Size, um® Area, m%/g g/100g Moisture, %
I. Natural silicas
A. Quartz
Powdered 1.5-10 0.2-2.1 24 -36 0.05
Cryptocrystalline N 117" 29 -31 0.025
Microcrystalline 20 0.01

B. Diatomaceous
Natural 150 4

Calcined : A \ 90 —140 0.5

I1. Synthetic

A. Precipitated 110 -160 5

B. Pyrogenic 280 1
C. Aerogels 260 —350 3

D. Hydrogels _’3 -250 2-10

a. Several products of differ

;' "
b. Aggregate size, not par «.i! late.

ﬂ‘LJEI’WIEWI‘iWEI’]ﬂ‘i

2.6 Literature su

ARIAIDIUNI NN, e

physical property development are listed as below:

Liu and Rempel [30] prepared the high water-absorbent copolymer
comprising acrylic acid and acrylamide in the presence of a crosslinking agent,

monofunctional aldehyde, by a solution polymerization technique via a potassium
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metabisulfite redox initiation system. The copolymer formed absorbed about 900 g
water/g dry copolymer. They found that the absorption behavior of the

superabsorbents related to their chemical composition and the nature of the solvent.

Rangaraj et al., [31] synthesized homopolymers and copolymers of
acrylamide and acrylic acid by the free radic
hydrogen peroxide, potassium persulfa 'f

copolymers were purified b

1 solution polymerization technique using

oyl peroxide as initiators. The

rs The homopolymers and
_

copolymers were charac clear magnetic resonance

(NMR), 'H-NMR, dif SC), thermogravimetric
analysis (TGA), and vis

Dubrovskii, et al uperabsorbent hydrogels (SAHs) by

methylenebisacrylamide or the high molecular AM-AA

coplymer in aqueous solutiom: Thé as initiated with ammonium
et /

persulphate: tetramethylethyleneajfﬁjc 2:1) in 20% aqueous solution of the
b 7 N,

monomer at 45°C. The thodified swellmg heory

experimental and co

parameter.

v o LA PN YR G speaorsns

based on acrylamxde sodium  allylsulfonate, . sodium acry e and N,N’-
methylenai qu:!ae tﬂ %m&aﬁl}% % ;:1 ZaCEl' he resulting
superabsorbents had a fast swelling rate. The absorbency increased to maximum, 437
times its dry copolymer weight as the crosslinking agent concentration increased,
510~ mol dm?, but an excess of crosslinking agent led to a decrease swelling. Their
water retention was observed under the pressures of 1-10 kg cm” and temperatures at

60°C and 100°C, respectively. The water retention of soil had been enhanced using the
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poly(acrylamide-co-sodium allylsulfonate-co-sodium acrylate) superabsorbent; its use

is for an enhancement of bean growth.

Smith and Lind [34] improved absorption under pressure and fast absorption
rate properties of superabsorbent polymer which was obtained by polymerizing a
solution containing carboxylic acid monomers or water soluble salts, and a

crosslinking agent. The most prefex:réd\: %) agents were bis-acrylamide such
as N,N’-methylenebisacryl d1-, tri- msters of unsaturated mono or

—
polycarboxylic acid poly trimeth 7 triacrylate, the di- or tri-
glycidyl ethers of polyol ‘ \ol dig\yi\*iher, the multi-substituted

allyl amines such as di

ir mixtures. A preferred
carbonate blowing agen CQO;, and their mixture and a

polymerization initiator a ination, to the solution to

form a carbonated monomer'so : initiator was then added to the
carbonated monomer solution hi‘.@rﬁ';ézas the@ne' ized at the temperature ranging
from about 0°C to 130°C forming‘lé"gﬁiéro‘:z’ ular ] el. The hydrogel was ground
into gel pieces and dried ___—— to 210°C. Mixture

was formed from 100 pa‘ﬁ by wei andlabout 0.001 to 30 parts by

weight of a crosslinking aggngf he polymer V\@:s,reacted with the crosslinking agent to

oo o 3 T B . o o

superabsorbent polymer

,(ahe}ﬁet:]l @q synthemzeé galpjrﬂo:)]u,lydrogel flased Oon monomers:

acrylic acid (AA), acrylamide (AM), N-isopropyl acrylamide (NIPAM),
vinylpyrrolidone (VP), hydroxyethylmethacrylate (HEMA), potassium salt of 3-
sulfopropyl acrylate (SPAK), 2-acrylamide-2-methyl-1-propanesulfonic acid (AMPS),
2-(acryloxyethyl) trimethyl ammonium methylsulfate (ATMS) and hydroxypropyl
methacrylate (HPMA), or N,N’-methylenebisacrylamide (N-MBA) as a crosslinking
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agent, ammonium persulfate (APS) and N N,N’ N ’-tetramethylethylenediamine
(TEMED) as a coinitiator and Pluronic F127 (PF127) as a foam stabilizer, crosslinking
polymerization of monomer in a test tube (20 mm outer diameter x 150 mm in length)
and presence of carbon dioxide gas bubbles, which were generated by a reaction of
sodium bicarbonate with an acid. The use of the NaHCOs/acid system allowed easy

control of timing for gelation and o ion. The PF127 was the best foam

stabilizer for most of the mon

swelling rate. The swellm@m 368+3

average diameter of the pore

ing superabsorbents gave a fast

ﬁwlry copolymer weight. The

is approximately 150 um, and

SOme pores are as large as

Zhou et al., SiZ lamide (AM), sodium
methallylsufonate (MSAS); so . ryf .‘ p ylenebisacrylamide (BisA)
in aqueous solution using 1 3 mpL‘ rsulfate (KPS)/3.0x10™ mol
dm™ of N,N,N’,N -tetramethy th@ﬁ} EDA) as the redox initiator. These

01T

0.9%NaCl solution. V crsion and - absorbenvy increase with the MSAS
concentration. Further itﬁé'a @ y tra@n leads to a decrease in

absorbency.

Karadaﬂ y g‘l]a YJ ETJ ?]ta ?ﬂ E\Jyf]nnjacomc acid (AM/1A)
hydrogelsqﬁﬂpr]pﬁdga i Er/nr ap ents on the
uptake of sgme cationic dyes such as a51c red asic v1ole (BV-3) and

brilliant cresyl blue (BCB). The removal of the cationic dyes to AM/IA hydrogels is
studied by batch adsorption technique. In the experiments of the adsorption, L3 type
(Langmiur) adsorption in Giles classification system was found. Adsorption studies
indicated that monolayer coverages of AM/IA hydrogel by these dyes were increased

with the following order: BCB>BR-5>BV-3.
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Chen and Zhao [38] prepared polyacrylate superabsorbent by in situ aqueous
solution polymerization in a polyethylene bag, which was submerged in a 70°C water
bath. The monomer mixture was polymerized in situ for 2 h and a polymeric gel was
the formed Using potassium persulfate (KPS) as an initiator and triethylene glycol

diacrylate (TEGDA) as a crosslinking agent, the water absorbency increase linearly

with increases of the initiator content ’\I‘I p absorbency is changed slightly when
the bath temperature is betw %d water absorbency increases

continuously when the batE:—mp;ep_rm;re 1S$etwy@nd 80°C. Water absorbency
e

increased linearly with incre sont nt 'Qf awsfer agent of isopropanol.

. hxgraxérylamide/mineral powder

t\imes#is synthesized by graft-

Wu et al., [3
superabsorbent composi
copolymerization reactio: ch and mineral ultrafine
powder, followed by hydrol is found that the composites

doped with kaolinite powder ossl'g?lﬁ:éhef v bsorbency than those doped with

bentonite or sercite powder smce'ﬂfé"kéol}m% an moderately disperse in the
. : .
water and crosslink w 1 acrylamide and starch. By contro g the amount of NaOH

and reaction time duri‘@ saponification 3 @'drophilic group on the

composites can be adjusted; &is found that the collaborative absorbent effect of —

CONH,, —COONﬁnuCHﬁ)@g%;%J %% ot 6 Ht’}ﬂgﬁ ~CONH,, -COONa

and —COOH group By the IR characterization, the polymerization reaction
mechanisa el oGl ok o bt b ink ol powde
as a crosslmkmg point play an important role in the formation of network structure

superabsorbent composites.

Kourosh and Zohuriaan-Mehr [40] Superabsorbent hydrogel composites
(SHCs) were prepared through an optimized rapid solution polymerization of

concentrated partially neutralized acrylic acid in the presence of a crosslinking agent
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under normal atmospheric conditions. Kaolin was used as an inorganic component in
the polymerization process to strengthen the hydrogel products. Compared with the
kaolin-free hydrogel (control), kaolin caused a reduced equilibrium swelling and
swelling rate as low as 17-31% and 19-29%, respectively. Kaolin, however, resulted in

enhanced gel strength as high as 21-35% compared to the control.

Chen and Park [41] syn g’&%‘% s hydrogels which swell fast with

high swelling ratios for de of ga tion devices. The mechanical

strength of superporous hwr‘

hydrogel composites. T

ased by making superporous

rere hydrophilic particulate

materials commonly u utical tablets. Ac-Di-Sol was
NN

used as a model comp ¢-Di-Sol resulted in significant

improvement in the prop SEM examination showed

that the composites materi '_pgn inking density that provided

high strength and prevented olfé'ﬁé_t;-'vf:hal collapsing during air drying. The

superporous hydrogel composﬁeiﬁéﬂs’@&s pro itable for gastric retention

Gao and Hein ann [S] synthes bsorbent poly(acrylamide)-
montmorillonite compos;l (SAPC). The structure of SAIE& was studied by means of

XRD, SEM, NMRy ETI ﬁ% i the acrylamide was
intercalated in tlﬁlqua na-of ljfﬁi]e ?T ﬂ‘ scoelastic superabsorbent
PAM/mo fﬁ r absorption
capac1ty,}ﬂnﬁxcess o wa er/g ows cﬂmomechamcal behavior

when subjected to an electric filed in solutions of different ionic content. The

material’s swelling ratio is a strong function of the ionic strength as well as the pH of

the solution to be absorbed.
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